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M ETHOD FOR MANUFACTURING A FIBRE MAT, FIBRE MAT AND USEOF 
SUCH FIBRE 



Background of the invention 

The present invention concerns a method for manufacturing a fibre mat xising plant 
fibres. More specific, the invention concerns a use of flax fibres and hemp fibres for 
manufacturing fibre mats which are made by using fibres which are shortened and 
separated and which afterwards are used for manufacturing the fibre mat. The plant 
fibres are used as substitute for mineral wool fibres, wooden fibres, wooden cellulose, 
synthetic fibres etc. 

Furthermore, the invention concerns a fibre mat manufactured by the method accord- 
ing to the invention, as well as the invention also concerns a use of such a fibre mat. 

It is known to use plant fibres by the making of fibre mats. Such were formed by 
carding the fibres. Thereafter a fiir is formed and finally a needling is performed for 
making the finished fibre mat. Such a method is connected with several drawbacks. It 
has thus been necessary to have a precise degree of humidity in the flax out of consid- 
eration to the pliability in order to perform the needling process. However, a necessary 
dry condition will result in decomposition of flax fibres and thereby cause dust forma- 
tion and formation of short fibres which very easily could be torn out of the formed 
fibre mat. It has thus been an expensive process, and at the same time there has been a 
risk of dust formation from the formed fibre mat. 

The manufacture of the known carded fibre mats will cause that the fibres are lying in 
separate piles so that there is no strong bonds between the single layers in the fibre 
mat. Furthermore, there is used relatively long fibres, which typically will be between 
100 - 150 mm, but may be up to 200 mm. Fibre mats of flax and hemp are made tradi- 
tionally from tow which is a by-product when making long fibres for carding and 
spinning. This takes place at flax scutching mills. The process is expensive and diffi- 
cult and therefore tow together with long textile fibres from plant fibres, such as flax 
and hemp, are relatively expensive. Furthermore, the known technique has great re- 
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quirements to the quality of raw materials, including the degree of retting of the raw 
materials. 

Flax plants can have a stem with a length between 600 and 800 mm. The stem has 
5 strong fibre bundles running from root to top. These fibre bundles (fibres) are disposed 
outermost in the stem, and in the interspace between the fibre bundles there is a central 
stalk consisting of wood cells which after exposure of fibres gives the so-called shives. 

Hemp plants have stems which are considerably longer than the stem of the flax 
10 plants. They may have lengths up to 2,000 - 3,000 mm. In principle, the hemp stem is 
build up in the same way as flax with the fibre bxmdles outermost. Innermost is situ- 
ated the wood containing wood cells (shives) consisting of short fibres with a length 
of 0.5 - 0.6 nmi (elementary fibre length). 

15 In order to separate the flax fibres from the wood fibres in the stem, it has to be sub- 
jected to a retting which is a microbiological process. Traditionally this takes place on 
the field by dew-retting. By the retting hemicellulose and pectin binding together the 
fibres and the wood parts are decomposed. The degree of retting is all decisive in the 
making of textile fibres for carding and spinning. Thus the border between a well ret- 

20 ted and over retted fibre is very narrow. This is a difficult process to control because it 
will be a biological process in the nature that determines the quality. 

By the present invention there is not the same requirement to a specific degree of ret- 
ting. By the process according to the present invention it is thus possible to use a tra- 

25 ditional retting or a controlled retting, for example in water containing enzymes. It is 
thus possible to expose and use fibres from a completely un-retted to a strongly over- 
retted quality depending on the purpose of use. It is thus possible to use stems that are 
not retted, which have been dew-retted on the field, or which have been retted by a 
controlled retting. After the retting and drying, flax is subjected to a mechanical treat- 

30 ment for separating the fibre bonds from the shives. The formed fibres may be short- 
ened by cutting in order to form the desired lengths of fibre. 
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By a slight retting and subsequent mechanical and possible chemical treatment it is 
possible to decompose the fibre bundles and form single fibres. The single fibres may 
be used performing more airy products than is the case when making products from 
fibre bundles. However, it has been stated that the formed single cell fibres are not 
suitable for making fibre mats by the known needle processes because of the shorten- 
ing into lengths making them unsuitable for carding. 

By the present invention there is focused especially on flax fibres and hemp fibres, but 
the invention may also be used in connection with other plant fibres with a structure 
corresponding to the one known from flax and hemp plants. 

There is a wish of a new method whereby plant fibres, preferably flax fibres and hemp 
fibres, may be utilised for making fibre mats, which is not connected with the draw- 
backs of knovra carded or needled fibre mats, and which also may be used industrially 
in a long series of products. 

A method in which the carding and needle process has been left out has thus been pro- 
posed previously. From WO 98/01611 there is thus knovm a method for making a 
fibre product where the fibres are pre-treated v^th the combination of retting and me- 
chanical decomposition. The formed fibres are afterwards formed to the final product 
by a dry forming process. However, there is no specific indication of subprocesses for 
providing fibres with the properties which are desirable in the final product. Further- 
more, the described method is based on the use of relatively long fibres which may 
have a length corresponding to the fibres from a carding process. Such long fibres may 
cause difficulties in the process steps forming a part of the method. Furthermore, there 
is no direction for? harvesting the fibres in an effective way on a suitable process step 
under consideration of the subsequent treatment. 



It is thus an object of the invention to indicate a method for manufacturing a new kind 
of fibre mat and to indicate subprocesses which are advantageous at the providing of 
the fibres with a quality being suitable in the process and which results in final prod- 
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ucts with the desired properties. It is furthermore an object to indicate a fibre mat 
which is made by the method and to indicate a specific use of such a fibre mat. 

The object of the invention is achieved by a method where the fibres are pre-treated as 
5 the plants are harvested by cutting and threshing, where the plant stems are retted 
wholly or partially and thereafter shortened and separated for establishing a fibre mass 
comprising largely single fibres with lengths within the desired interval between 0.1 
and 30 mm, where drying is possibly performed for providing a desired water content, 
where the fibres are randomly oriented as the mat is formed by a dry forming process, 
10 and where the mat is fixed as inter-fibre bonds at least partially are established be- 
tween the single fibres as these are more or less fibrillated. 

With this method there is thus established a pre-treatment, where the fibres are short- 
ened and separated for forming a fibre mass mainly containing single fibres with 

1 5 lengths within the desired interval with a length being so short that they are not suit- 
able for carding. A shortening may be performed arbitrarily in suitable equipment, as 
the subsequent process do not require carding and thereby do not necessitate a certain 
length of the fibres. By the shortening, a fibrillation takes place which causes that the 
single fibres at the subsequent dry-forming process may form a sheet which is cohe- 

20 sive without need of a binder, as fibre bimdles mesh with each other. Thus there is 
established inter-fibre bonds in the form of fibre-to-fibre bonds between the single 
fibres. The formed mat do not need to be needled and thcdry-forming process also 
takes place without steam bonding of the fibres. We are thus speaking of a very simple 
procedure for forming the fibre mat. The formed fibre mat is airy and voluminous and 

25 may be compacted to the desired degree, depending on the intended use. It will also be 
possible to add binder in a greater or lesser amoimt depending on the desired use of 
the finished product. 

Traditional harvesting of flax and hemp for textile production takes place by pulling 
30 which is a slow and work intensive process. After the pulling where all of the plant is 
pulled up, it is laid aside for retting. Subsequently the stems are pressed into bales and 
driven to fibre factory. The seeds are torn off in a scutching mill and the straws are 
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processed by placing the stems in parallel and treating them in parallel through proc- 
essing equipment. 

As a difference from the above-mentioned traditional harvest with pulling, by the 
5 method according to the present invention there may be established a pre- 
treatment/harvest of flax in an untraditional way. This takes place for flax by cutting 
off the flax plant, for example by laying it in swaths, where after the flax seeds are 
threshed, preferably by combined harvesting. The flax stems lie a suitable time after 
the harvest of seeds whereby retting takes place to the desired extent. Thus, if un- 
10 retted flax fibres are desired, the flax straws are gathered immediately after threshing. 
The stems are gathered for pressing or gathered by a combined cuttmg and pressing. 



Hemp is harvested by cutting, for example by laying in swaths, in two or more rounds. 
Thus, the first cutting may take place with a remaining stubble of about 1 m in height 
15 and thereafter a laying swaths with a stubble of about 0.2 m in height. After being cut 
off, the hemp stems are lying a suitable time for retting. Then the stems are pressed 
into bales and cut and dried before fiirther processing for forming single fibres as de- 
scribed above, for example by shortening and scutching in a hammer mill/beater mill 
and subsequent separation in a riddle, for example a rotating riddle. 

20 

The pre-treatment of the stems comprises shortening_and_sepaiBtio^ In practice it has 
appeared that a hammer mill is suitable for shortening and simultaneous scutching of 
the stems. Altematively, the stems may be cut before the hammer mill as mentioned in 
connection with harvesting methods. It has appeared to be possible to keep a high ca- 
25 pacity and a uniform quality irrespectively how the stems are fed into the hammer 
mill. There is thus not a need for a slow feeding in parallel of the stems used on tradi- 
tional flax scutching mills. 



The scutching, that is the liberating of the wood parts from the fibre bundles/single 
30 fibres, is very effective when working with high rpm's on the mill. With this process 
the stems are shortened so that the main part of the formed fibres have a length be- 
tween 0.1 and 30 mm and preferably between 4 and 15 mm. This scutching or fibre 
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exposure is completely different from the traditional scutching where very long plant 
fibres are produced for carding and spinning. 

The cleaning of shives from fibres may take place with a rotating riddle or the like. In 
5 practice it is difficult to clean the fibres completely from shives and fibre dust. How- 
ever, it will be possible to have a lesser part remaining in the fibre mass without this 
reducing the quality of the formed fibre mat. Thus, to a certain extent, shives may be 
used at the subsequent manufacture of the fibre mat. 

10 For some fibre mats where use of pulping of the plant fibres is desired, for example 
for fibre absorbent, there is performed a further pre-treatment of the fibres before the 
forming of the fibre mat. Pulping may be performed as the fibres are boiled in water 
under pressure or boiled in an extruder. Furthermore, they may treated chemically, for 
example by adding a base to the water. Thereafter the formed fibres are washed and 

1 5 dried before they subsequently are used for dry-forming. Alternatively, there may also 
be performed a wet cleaning of the fibre mass in this manufacturing step. Thus the 
fibres which are cleaned through a riddle and pulped, may be fed to a hydrocyclone, 
whereby it has appeared to be possible by cleaning to remove a very large part of the 
shives in the finished pulp. It has thus appeared possible to make a pulp which only 

20 has a content of up to 0.1 % shives. As the shives are removed, the strength is in- 
creased in the subsequently formed fibre mat, as the fibre mat vsdll contain more fibres 
for fibre bonds, as the fibre mat contains more fibres per area imit, because the weight 
of one shive corresponds to the weight of a large number of fibres. In practice it has 
appeared possible to increase the strength in the finished product by cleaning off 

25 shives in a hydrocyclone. Because the capacity in the hydrocyclone is low, it is advan- 
tageous to clean off as many shives as possible by the dry process. The subsequent 
treatment/cleaning in a hydrocyclone will thus preferably take place in connection 
with methods where the pre-treatment of the fibres comprises a pulping. 

30 The formed fibres are then used for forming the fibre mat by a dry-forming process 
which substantially corresponds to a dry-forming process used in the dry-forming of 
paper. 
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The formed single fibres will be more or less fibrillated which increases the tendency 
of the fibres being able to wind and roll into each other. Thus there is automatically 
achieved inter-fibre bonds in the fibre mat. For some application areas it will thus not 
be necessary to add binders. However, it will also be possible to add binders in order 
5 to form inter-fibre bonds between the single fibres. The appearing fibre mat will thus 
have a homogenous cohesive structure through the whole thickness. 

The binders that can used may be organic binders, synthetic organic binders, or natural 
binders. As binders may be used polymers, for example thermoplastic. Especially at 
10 the forming of composite products and high strength products where the formed fibre 
sheet may be said to be a fibre reinforcement situated in a matrix of polymers, there 
may be used relatively large amoxmts of the binders. In such products there will thus 
be used up to 50% binders in relation to the finished product. 

15 The binders may also be provided in the form of synthetic fibres, for example bi- 
component fibres consisting of polypropylene and polyethylene, polyester, vinyl etc. 
In such a situation the fixation of the sheet will take place by heating up to the melting 
temperature of the plastic, whereby inter-fibre bonds are established. As examples of 
natural binders can be mentioned starch and lactic acid products. Such binders may be 

20 added as a part up to 5 -15%. 

The amoimt and type of binders added will thus depend on the intended use of the 
formed fibre mat. A fibre mat intended for isolation mats will thus contain very little 
or no binder. Contrary to this, a composite sheet, for example, has properties corre- 
25 sponding to those known firom fibre and chip-boards will contain a larger amount of 
binder (10 - 50%), and binder and fibre mat will go through a compression simultane- 
ously with the establishing of the inter-fibre bonds. Hereby a compact and strong sheet 
is formed. 

30 Furthermore, it will be possible to vary the properties of the formed product by 
changing the length of the fibres in the product. Thus for certain products it will be 
advantageous that a part, for example of 10% or more, of the shives from the separa- 
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tion process is fed to the dry-forming process so that a more compact and strong fibre 
mat is formed. 

If airy and soft fibre mats are desired, shives are not added and at the same time there 
5 is not performed any noticeable compacting of the dry-formed layer. Furthermore, for 
such airy products there will be used plant fibres, preferably flax fibres, that are suit- 
able retted so that they after shortening and separation contain many fibrils contribut- 
ing to obtain a cohesive fibre mat which at the same time is airy. 

10 By the method according to the invention, the fibre mats may be produced considera- 
bly cheaper than carded/needled fibre mats. The fibres may be formed to a fibre mat 
with the addition with very little bmder as compared to forming of corresponding fibre 
mats formed of wood fibres because of the longer fibre length of the shortened plant 
fibres. Thus wood fibres will typically have a length between 1 and 3 mm, which is 

15 considerably different firom the typical length of plant fibres, which as mentioned 
above will be especially between 4 and 15 mm. 

As mentioned, the fibre mat may be made without the use of binder or with a very 
little amoxmt of binder. When making fibre mats for isolation purposes an addition of 
20 binder in a part of 0 - 15%, preferably of 2 - 3%, vnll be enough to establish a cohe- 
sive fibre mat of flax and hemp fibres which are easy to handle. In comparison, a cor- 
responding isolation plate made fi-om wood fibres will normally contain 15 - 20% 
binder, which increases the price of the product. 

25 As mentioned, the fibre mats may be made airy and soft by the use of retted fibres 
resulting in many fibrils by the shortening/separation. If the plant fibres only are 
slightly retted or not retted, many of the plant fibres will still be cohesive in fibre 
bundles. This gives a more hard and rough fibre mat as the formed fibre mass will 
contain a relatively larger part of fibre bundles than single fibres. 

30 

A fibre mat containing fibre bundles will be less soft and dense. However, the fibre 
strength in such a fibre mat is greater. This will make it suitable for making plates to 
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where greater strength is required. By regulating the pre-treatment in a form of degree 
of retting, possibly combined with chemical and/or enzymatic treatment, it will thus 
also be possible to influence the properties in the formed fibre mat. 

5 The properties in the fibres may thus be combined, depending on the field of applica- 
tion. 

The fibre bundles will comprise a few single fibres or up to a maximum of 10 - 30 
single fibres. 

10 

The fibre mats will usually be made of fibres which are hydrophobic as fibres fi-om 
flax and hemp to a greater or lesser degree are hydrophobic. A hydrophobic fibre mat 
is thus formed by the use of fibres which are only treated piechanically (not chemi- 
cally). I.e. the stems are retted in a shorter or longer period of time and dried down to a 
15 water content between 8 - 18%, preferably between 10 - 16%. The degree of hydro- 
phobicity depends on the raw material quality. The stronger retting, the lesser degree 
of hydrophobicity. The fibres may absorb humidity firom the surroundings and give off 
the humidity again and will be resistant to rot and attacks firom mould fimgus at nor- 
mal atmospheric humidity. 

20 

Alternatively, it will also be possible to make fibre mats where the fibres have been 
made hydrophilic. It will thus be possible to pre-treat the fibres via a pulping or en- 
zyme treatment, a washing and a drying in order to further process the fibres to cellu- 
lose. This may take place by boiling in water under pressure or by boiling in extruders. 
25 Such a pre-treatment may be performed with or without addition of pulping chemicals, 
as for example sodium hydroxide. 
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A fibre mat made according to such a method may for example be used where there is 
a need for an absorbing effect, as for example sanitary tissues, napkins, tissue paper 
etc. 
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The dry-forming process makes it possible to make the fibre mat with greater or lesser 
degree of compacting and with greater or lesser thickness. It will thus be possible to 
make the fibre mats with thicknesses fi-om 2 - 5 mm and up to thicknesses of 2 - 300 
mm or even thicker. The formed fibre mats may be manufactured with compacting 
from gram weights of 30 g/m^ to gram weights of 3000 givci or more. For example, 
mats for use in moulded composite elements may be manufactxired with gram weights 
up to 8000 g/m^. 

Furthermore, by the making of the fibre mat it will be possible to admix paper wool, 
binders (synthetic fibres or organic binders), shives firom flax or hemp, wood fibres, or 
to admix fire-retardants by making isolating mats with fire-resistant properties. The 
formed fibre mats may thus be added fire-resistant materials, as for example salts as 
borax and boric acid, aluminium hydroxide, ammoniimi phosphate, anraionium sul- 
phate, or others, for example in amounts of 0 - 15% of the total weight of the mat. 

By making fibre mats in an airy form they may thus be used as isolating mats for 
substituting isolating mats made of mineral wool and glass wool. The formed fibre 
mats may furthermore be used as building plates, as substitute for fibre boards and 
chip-boards by adding shives, binders, and by performing a pressing of the formed 
fibre mat. 

The fibre mat formed by a method according to the invention may contain up to 100% 
flax fibres or hemp fibres or a combination of these fibres. Furthermore, the fibre mats 
may be made with admixing of other fibres, which may be organic or inorganic. Even 
though it is preferred to produce the fibre mats fi-om plant fibres formed by the method 
according to the invention of economic reasons, it will also be possible to use plant 
fibres made into long fibres, so-called tow. 

Thus it will be possible to use tow firom the textile industry stemming from flax as 
well as hemp and where the tow, for example in hammer mills, is shortened to the 
desired fibre lengths before forming the fibre mat by the dry-forming process. 
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The fibres that may be used by the method according to the invention may have dif- 
ferent compositions: 

- shortened fibres, that are retted or unretted, consisting of cleaned flax and/or hemp 
fibres admixed with up to 10% shives, 

5 - shortened fibres, that are retted or unretted, primarily as single fibres, consisting of 
flax and/or hemp fibres admixed shives from flax and/or hemp with up to 90% shives, 

- short fibres, that are retted or unretted, primarily as fibre bundles and shives firom 
flax and/or hemp, 

- shives separated by cleaning flax and/or hemp, or 

10 - a dust fraction separated by cleaning consisting of very short fibres together with 
shives. 

The fibre quality will depend on the desired properties by the formed final product. By 
an advantageous method for making fibre mats which are suitable as isolating mats, 

15 the plant stems are dried to a water content between 10 and 16%. Then the stems are 
scutched and shortened in a hammer mill so that the main part of the fibres preferably 
have a length between 3 and 20 mm, where the fibres will have an average length be- 
tween 4 and 15 mm. This takes place advantageously by using a rotating riddle. Then 
the fibres are dry-formed which preferably takes place by using a former head placed 

20 above a vacuum box wherebetween there is disposed a former wire on which the fi- 
bres are deposited and held by a vacuum. The setting takes place by compacting to- 
gether with addition of 0 - 5% binder. Alternatively, there may stiU be used up to 50% 
binder, if there is especially great requirements to the handiness of the formed fibre 
mat. 

25 

A fibre mat formed by the method according to the invention do not need to be a plane 
plate or sheet. Thus it wdll be possible to perform a final treatment simultaneously 
with the setting or in immediate connection with setting of the inter-fibre bonds. 

30 Thus it will be possible to impart a spatial form to the fibre mat, for example a wave 
form which makes it suitable as reinforcing fibres in a composite plate, for example a 
high-strength composite plate or a workable composite plate. Alternatively, the fibre 
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mat may be shaped to receive the fomi of a desired packing, for example the form of a 
box or a cup. Thus a fibre mat, being stable of shape and firm, could be used in mak- 
ing packing products or plant pots. The packing/plant pot may be formed by a pressing 
operation in immediate coimection with the setting step. 

5 

The method and the fibre mat according to the invention will be described more 
closely by means of the following examples. 

Example 1. 

10 This example illustrates a method for making a fibre mat of flax for use as isolating 
mats as a substitute for mineral wool. Straw fi-om flax, both oil and spinning flax as 
well as hemp, may be used. The best fibres are obtained fi-om spiiming flax which is 
well retted and possibly hemp if this is retted sufiBciently. Here is given an example of 
making fibre mats for isolation on the basis of spinning flax: 

15 

The flax stems are laid in swaths and after about 10 days on the field the seed are 
combine harvested v^th a usual combine. Hereafter the straw lie in a straw run/swath 
on the field and is retted. The retting process may be watched by noting a change in 
colour on the straw. The desired degree of retting has been achieved when the colour 
20 on the straw/fibres changes to light grey. It may be necessary to turn the swath in or- 
der to ensure a imiform retting. 

- — 

The retting process is watched closely and daily there is taken samples in order to as- 
certain how far the retting process in the hand scutched straw is advanced. 

25 

When the desired change of colour has appeared, the straw is gathered by pressing into 
bales, preferably round bales, normally this takes place at a dry content of about 85% 
in the straw (15% water). 
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The bales are transported to the factory where they are dried down to 12% water con- 
tent. After drying, the bale is unrolled/cut up and the flax straw is fed into the hammer 
mill where the scutching takes place. From the mill the fibre mass, which now consists 
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of fibres as well as wooden parts/shives, is fed via a cyclone into a rotating riddle 
whereby the shives together with dust is separated. The now woollen fibre mass has an 
average length of about 4-15 mm. Some fibres, however, are longer. The length of 
fibres may to a certain degree be adjusted by regulating the riddle on the hammer mill 
5 and by regulating the adjustment of the riddle by the subsequent sorting on the rotat- 
ing riddle. Normally fibres are cleaned down to a content of 5% shives. By a further 
cleaning there is obtained a comparatively larger loss of fibres. 

The cleaned fibre mass is transported via pipes to the mat plant where a dry-forming 
10 takes place. This occurs, for example, by using a former head placed above a vacuum 
box where between there is disposed a former wire on which the fibres are deposited 
and held by a vacuum. The mat plant is adjusted to forming a fibre mat/mat in the de- 
sired height. This is regulated by means of the speed whereby the fibre feeder (bale 
breaker) is dosed via a transport blower to the former head. At the same time the ad- 
15 vancing speed on the wire is regulated. 

If a mat for use as isolation of ceilings and walls etc. is desired to be made, the height 
of the fibre mat is regulated to for example 200 mm with a desired gram weight of for 
example 3000 g/m^. For certain isolation purposes there is desired as light a fibre mat 
20 as possible, and under these conditions the fibre mat is not compacted. 

If the making of a fibre mat is desired, being more compact and possibly of lesser 
height, this takes place by regulating the degree of compaction of the fibre mat before, 
after, or during a possible setting which preferably is performed in an oven. 

25 

During the process, where the fibres fall out on former wires and are advanced, 2-3% 
binder, for example in the form of a by-component consisting of polyethylene and 
polypropylene, is added. Setting of the fibre mat takes place by heat treatment in an 
oven at about 145°C or other temperature depending of binder type, i.e. the fibre mat 
30 is led via a former wire through an oven with desired temperature. 
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During the process (before setting in oven) possible fire-resistant fabrics are added, £is 
for example salts as borax (0 - 15%), boric acid (0 - 15%), aluminium hydroxide (0 - 
15%) or others. The salts may fall down into the fibres or be sprayed on the fibres. 

5 After setting of the fibre mat, it is rolled up via a roller and is packed or cut into shape. 
During this process the fibre mat may be rolled hard together. When unrolling, the 
fibre mat reaches the same size and volume as before the rolling as the fibre mat puffs 
up. 

10 The finished fibre mat is soft and supple. Depending on the degree of retting, the col- 
our will be yellowish/light grey to a darker grey. The fibre mat could be manufactured 
at a cheaper price than the usxial needle carded fibre mats. The fibre mat has a heat 
isolation corresponding to a lambda value of -0.40, The fibre mat repels humidity im- 
mediately because of hydrophobic properties, but the fibre mat is still capable of tak- 

1 5 ing up and giving off humidity with the surroimdings. 

Example 2. 

This example illustrates the method for producing a fibre mat on the basis of flax cel- 
lulose for use in the tissue industry, as for example absorbing paper or as cover stocks. 

20 

The fibres are produced as above in example 1 described before the forming of mats. 
The degree of retting may be from the quite unrettet to sljongly retted fibres. The 
woollen fibres now cleaned are subjected to pulping. This may take place by boiling in 
water under pressure or by boiling in an extruder. The pre-treatment is carried through 
25 with or without addition of pulping chemicals as for example caustic soda (sodium 
hydroxide). The treatment in extruder may proceed at a relatively high level of a dry 
matter, about 10%, but also at a lower percentage of dry matter. 

If extrusion treatment is used, impregnation of the fibres takes place simultaneously 
30 with the cutting up of the fibre mass. After extrusion treatment, the fibre mass is con- 
veyed into a container and boiled about 1 hour at about 100*^C. Subsequently, the pulp 
is cleaned for remains of sugar and lignin. The fibre mass now consists of a homoge- 
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nous distribution of fibres in a slurry containing from 0 - 5% impurities primarily 
stemming from the shives. These may be cleaned off via centricleaning in a hydrocy- 
clone. The pulp may possibly previous to the cleaning in a hydrocyclone be refined in 
a refiner if fibrillation of the fibres is desired. For example a disc refiner, "v^de angle" 
5 refiner, or for example a cutter mill. 

After pulping, the flax pulp consists of almost pure cellulose with a content of 80 - 
95% cellulose. The dry matter yield is between 75 - 90%. The distribution of the fibre 
length has been measured v^th Bayer McNett index between 200 - 300, preferably 
10 between 240 - 280. The strength in the flax cellulose has been measured in 
Nm/m^/cm^ firom 100 - 160, or more. 

If bleached pulp is desired, 2 % peroxide may be added and there is achieved a blight- 
ness of about 75. 

15 

The finished pulp is dried and defibrated in a beater mill/hammer mill, if the fibres are 
desired to be completely defibrated before forming into a fibre mat. The forming takes 
place as described in example 1, but, depending on the application, there is produced a 
thirmer mat as for example for use as absorbing paper for use in sanitary tissues and 
20 the like (about 70 - about 200 g/m^). A very thin mat (20 g/m^) can be used as cover- 
stock by admixing about 15% or less hydrophobic binders. 

— 

Even without bleaching the pulp, the products are very bright, firom light grey to 
whitish. 

25 

Example 3. 

This example illustrates a method for making moulded composites on the basis of the 
fibre mat of hemp or flax. 

30 As a basis for achieving a fibre plate with high strength, it is possible to use compara- 
tively unretted fibres, possibly admixed with shives. The fibre strength in unretted to 
slightly retted fibres is higher than for strongly retted fibres. Flax as well as hemp will 



# m 
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be suitable raw material because of the high strength of the fibres. The wood parts 
cleaned off, shives, could also be used for composites corresponding to chip-boards. 

The fibre mat is made as above in example 1 described before the forming of a mat. 
5 There is produced a fibre mat of desired height and gram weight, for example 300 
g/m^. By the use of comparatively unretted flax or hemp, the fibre mat is very stiff and 
hard. The shives content may be adjusted according to vdsh. The higher content, the 
stiffer mat before moulding. 

10 During the mat making, a so-called plant fibre compatilizer is sprayed on, i.e. a 
chemical modification with for example isocyanate (about 1 - 2%) in order to ensure 
the hydrophobic fibres obtain a surface which is compatible with traditional binders 
like formaldehyde etc. used as binder in the fibre plate. Instead of adding a formalde- 
hyde, EVA (evanylacetate) or natural binders may be a possibility. 

15 > 

Also, the fibres are glued before, imder, or immediately after the mat making or im- 
mediately after pressing v^th heat, vacuum, or autoclave/moulding, as in the tradi- 
tional methods for making of fibre plates and chip-boards. 

20 The moulded composites based on hemp or flax fibres have a strength at level with 
hard masonite. 

If a highly reinforced composite is desired made, there is xised a greater part of organic 
binders as synthetic polymers comprising thermoplastics and thermosetting plastics, 
25 for example polypropylene, polyacetate and polyester. About 50% binder is added. 
The additional binder takes place during the mat making, and the fibre mat is pressed 
subsequently with high pressure into the desired shapes. The shaping proceeds as de- 
scribed under example 1. 

30 The highly reinforced composites have a strength at a level with glass fibre and are 
usefiil as substitution for plastic composites and glass fibre composites. 



